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(54) SILICON WAFER FOR EPITAXIALLY GROWING. EPHAXIAL WAFER AND METHOD OF PRODUCING THE SAME 

PR^LEM^TO BE SOLVED: To provide a silicon wafer for epitaxially growing, with which the formation of SF is suppressed, an 
epitaxial wafer and a method of producing the same. 

SOLUTION- The silicon wafer for epitaxially growing has a surface for growing an epitaxial layer, which surface is free from 
exposed void defects. The method of producing the epitaxial wafer comprises measuring the number of void defects exposed to 
the surface of a silicon wafer and/or the number of void defects present in a region from the surface to the depth of 10 nm of 
the silicon wafer then selecting a wafer in which the number of the void defects is not more than a prescribed value and grow.ng 
the epitaxial layer on the surface of the selected wafer. Furthermore, the method of producing the epitaxial wafer comprises heat 
treating the wafer having void defects exposed to the surface of the silicon wafer and/or void defects present in the region from 
the surface to the depth of 10 nm of the silicon wafer so that the void defects are eliminated and/or the void defects are each 
converted into a form not causing a generation source of SF, and growing the epitaxial layer oh the surface of thus heat treated 
wafer. 
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(54) SILICON WAFER FOR EPITAXIALLY GROWING, EPITAXIAL WAFER AND METHOD OF 
PRODUCING THE SAME 

(57)Abstract: . 
PROBLEM TO BE SOLVED: To provide a silicon wafer for epitaxially growing, with which the 
formation of SF is suppressed, an epitaxial wafer and a method of producing the same. 
SOLUTION: The silicon wafer for epitaxially growing has a surface for growing an epitaxial layer, 
which surface is free from exposed void defects. The method of producing the epitaxial wafer 
comprises measuring the number of void defects exposed to the surface of a silicon wafer and/or 
the number of void defects present in a region from the surface to the depth of 10 nm of the 
silicon wafer, then selecting a wafer in which the number of the void defects is not more than a 
prescribed value and growing the epitaxial layer on the surface of the selected wafer. Furthermore, 
the method of producing the epitaxial wafer comprises heat treating the wafer having void defects 
exposed to the surface of the silicon wafer and/or void defects present in the region from the 
surface to the depth of 10 nm of the silicon wafer so that the void defects are eliminated and/or 
the void defects are each converted into a form not causing a generation source of SF, and 
growing the epitaxial layer on the surface of thus heat treated wafer. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The silicon wafer for epitaxial growth which is a silicon wafer for epitaxial growth and is 
characterized by a void mold defect not exposing an epitaxial layer to the front face which grows at 
least. 

[Claim 2] The silicon wafer for epitaxial growth indicated to claim 1 characterized by said void mold 
defect not existing by Fukashi from a front face to at least lOnm who grows an epitaxial layer. 
[Claim 3] The silicon wafer for epitaxial growth indicated to claim 1 or claim 2 characterized by 
nitrogen being doped by said silicon wafer for epitaxial growth. 

[Claim 4] The epitaxial wafer characterized by forming the epitaxial layer on the front face of the silicon 
wafer for epitaxial growth indicated in any 1 term of claim 1 to claim 3. 

[Claim 5] The manufacture approach of the epitaxial wafer characterized by measuring the number of 
the void mold defect exposed to the front face of a silicon wafer, and/or the number of the void mold 
defect which exists in the depth from the front face of a silicon wafer to at least lOnm, choosing the 
silicon wafer whose number of these void mold defects is below a predetermined value, and growing up 
an epitaxial layer to be the front face of the this chosen silicon wafer. 

[Claim 6] The manufacture approach of the epitaxial wafer characterized by growing up an epitaxial 
layer to be said silicon wafer front face after making said void mold defect into the gestalt used as the 
generation source of disappearance and/or SF by heat-treating to the silicon wafer which has a void 
mold defect in the depth from the void mold defect exposed to the front face, and/or a front face to at 
least lOnm. 

[Claim 7] The manufacture approach of the epitaxial wafer indicated as said heat treatment to claim 6 
characterized by adding heat treatment at the temperature of 700-1300 degrees C under an oxidizing 
atmosphere continuously, without cooling at less than 700 degrees C after adding heat treatment at the 
temperature of 1 100-1300 degrees C under a non-oxidizing atmosphere. 

[Claim 8] The manufacture approach of the epitaxial wafer indicated to claim 6 characterized by 
introducing inert gas after hydrogen BEKU before epitaxial layer growth of an epitaxial process, and 
performing said heat treatment. 

[Claim 9] The manufacture approach of the epitaxial wafer indicated in any 1 term of claim 5 to claim 8 
characterized by using the silicon wafer by which the nitrogen dope was carried out as said silicon 
wafer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the substrate for epitaxial wafers with few crystal 
defects which exist in an epitaxial layer than before, an epitaxial wafer, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Reduction of the crystal defect the crystal defect in a semi-conductor 
especially a front face, and near the front face is becoming important with high integration of a 
semiconductor device in recent years. For this reason, the need of the epitaxial wafer which has the 
epitaxial layer (it may only be hereafter called an epilayer) excellent in crystallinity is increasing every 
year. 

[0003] By the way, also although it is called an epitaxial wafer, various crystal defects exist, and this 
needs to reduce this, in order to have a bad influence on a device and for the yield to fall. There is a 
report of generating the crystal defect in the polycrystal-ized epitaxial layer from the particle adhering to 
the front face of the silicon wafer for epitaxial growth (it may only be hereafter called a substrate) which 
forms an epitaxial layer (for example, 45th applied-physics relation union lecture meeting [ besides 
Iwabuchi ] (1998 spring) 28 a-PB -1). That is, what is necessary is just to perform epitaxial growth (for 
it to only be hereafter called EPI growth), after removing the particle on a substrate in order for a part of 
epitaxial layer not to serve as polycrystal. 

[0004] Moreover, although the hole cluster in the Grown-in defect mainly introduced at the time of 
silicon single crystal training exposes to a wafer front face the defect (it may only be hereafter called a 
void) of the void mold exposed to the substrate front face Even if this void may consist of the former 
after EPI growth in a shallow pit, it has been thought that it does not become a crystal defect (Japanese 
crystal growth society magazine besides Kimura 24 444 (1997)). However, the cause of generating of 
the defect in the epitaxial layer called an EPI stacking fault (it is henceforth called SF) by current did not 
become clear, but the reduction approach was unknown. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention was made in view of such a trouble, and aims 
at providing with the manufacture approach the silicon wafer for epitaxial growth and epitaxial wafer 
list which reduced SF generating. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention 
indicated to claim 1 of this invention is a silicon wafer for epitaxial growth, and is a silicon wafer for 
epitaxial growth characterized by a void mold defect not exposing an epitaxial layer to the front face 
which grows at least. 

[0007] Thus, the silicon wafer for epitaxial growth with which a void mold defect does not expose an 
epitaxial layer to the front face which grows at least can prevent generating of SF at the time of epitaxial 
growth. This is because it became clear to generate SF from a void mold defect, so SF generating of an 
epilayer can be prevented if a wafer without such a void mold defect is used for an epitaxial substrate. 
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[0008] In addition, at the usual epitaxial process, just before growing upm epitaxial layer, hydrogen 
BEKU is performed, and a substrate front face is etched to some extent. Therefore substantially, 
Sace^ch grows an epitaxial layer" indicated by claim 1 means a substrate front face (interface of 
a^epita^ial layerand a substrate) just before an epitaxial layer grows after such hydrogen BEKU 
K tato case, as indicated to claim 2 of this invention, it is desirable that said vod ^mold defect 
does not exist by Fukashi from a front face to at least lOnm who grows an epitaxial layer. This is 
becLTe Aere is a possmility that SF may be formed when a void mold defect exists in the depth from 
Sonttce fo loZ even if the void mold defect is not exposed to a front face just before an epilayer 

rooToj Moreover, as indicated to claim 3 of this invention, it is desirable that nitrogen is doped by said 
silicon wafer for epitaxial growth. This is because the precipitation-of-oxygen nucleus of the bulk 
SctiTn of a subsSe will not disappear according to the effectiveness of nitrogen even if it performs hot 
epftaxial g^ow&Tfte substrate wfth which nitrogen was doped is used, so a gettenng site is formed in a 
subsequent device process and the epitaxial wafer of high performance is obtained. 
00 1] And if it is the epitaxial wafer (claim 4) characterized by forming the ep *™^™^f^ 
fere of the silicon wafer for epitaxial growth indicated in any 1 term of claim 1 to claim 3, or there is no 
SF „ * ^Slw iVwm becomf the quality epitaxial wafer extremely reduced compared with the 

mor21 Moreover, the number of a void mold defect which exposed to the front face of a silicon wafer 
mventionlnSk to claim 5 of this invention, And/or, the number of the void mold defect which exists 
S d^S from the front face of a silicon wafer to at least lOnm is measured. The number of these 
voSmoTd defers is the manufacture approach of the epitaxial wafer characte "^J^^Znt 
Sicon wafer which is below a predetermined value, and growing up an epitaxial layer to be the front 

face of the this chosen silicon wafer. _ , , i; of« r nf 

00131 This invention according to claim 5 samples one sheet or two or more wafers from the wafer of 
for example the same manufacLe lot. The number of the void mold defect exposed to the wafer front 
2 die aumoe ofthe void mold defect which exists in the depth from the wafer fron face to at 
tZ7oZ ar m^ed^e number of void mold defects permitted from the specification (upper limit 
oTme \IZZ ^oTsFToffoe epitaxial wafer with which these void mold defects are deeded by the 
uletbeZ predetermined value is set up beforehand. It is the manufacture approach of the epitaxial 
w^rcCactS by choosing the wafer with which are satisfied of this and growing up an epitaxial 
£v2 ^SnM/way while being able to reduce a defect wafer in manufacture of an epitaxial 
wafer U w So the manufacture conditions of the silicon single crystal wafer suitable for the 

SSSmS^^ " is ^manufacture approach^ of die 

e^tax afwX characterized by growing up an epitaxial layer to be said silicon wafer front Tace after 
mSe said void mold defect die gestalt used as the generation source of disappearance and/or SF by 
h^Sgr^Sfeon wafer which has a void mold defect in the depth from the void mold defect 

!^i*:SSffi22 afront S^Sh- face, and if an epitaxial layer is formed 
rite maS it change to the gestalt in which disappearance or SF does not generate me void a front face 
anLeSS A Tfit 

^^^^^^^^^ 
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and the wall oxide film of the void near the front face can be carried out, in heat treatment in a 
subsequent oxidizing quality ambient atmosphere, the silicon between grids can be poured in efficiently, 
and the void near the front face can be extinguished. About the void exposed to a front face, an opening 
configuration can be smoothed by formation of an oxide film, and it can prevent becoming the 
generation source of SF in subsequent epitaxial growth. Moreover, since temperature is not lowered to 
less than 700 degrees C after heat treatment of the first rank, re-growth of the wall oxide film acting as 
the failure of the silicon impregnation between grids to a void can be prevented. 
[0018] Moreover, as indicated to claim 8, inert gas can be introduced after hydrogen BEKU before 
epitaxial layer growth of an epitaxial process, and said heat treatment can also be performed. If it does in 
this way, since heat treatment is incorporate into the same epitaxial process using an epitaxial growth 
system, it is very efficient. 

[0019] Furthermore, as indicated to claim 9, it is desirable to use the silicon wafer by which the nitrogen 
dope was carried out as said silicon wafer. Thus, if a nitrogen dope wafer is used, the high gettering 
effectiveness can be acquired according to the effectiveness of nitrogen. 

[0020] Hereafter, although this invention is explained further in full detail, this invention is not limited 
to these. That the cause of generating of SF generated in an epitaxial layer should be made clear, this 
invention persons conducted the following experiments and completed this invention. 
[0021] (Experiment 1) nitrogen non - CZ silicon single crystal wafer (crystallographic-axis bearing 
<100> — ) with a diameter of 8 inches raised at the usual raising rate (about 1 mm/min) when a dope 
wafer was used as a substrate for epitaxial To p mold, 10-ohmcm, and oxygen density 14.7ppma (JEIDA 
specification) Four epitaxial wafers in which about 4-micrometer epitaxial layer was formed are 
produced, the surface-analysis equipment (ten call company make — ) which performed selective etching 
to this wafer and used laser light the place which observed LPD on the front face of epitaxial detected 
using Surf Scan 6200 (Light Point Defect) with the optical microscope ~ SF on the front face of an 
epitaxial layer — an average of — about two pieces / 8 inch wafer existence was recognized. 
[0022] About SF on these front faces of an epitaxial layer, as shown in drawing J, (a) and (b), cross- 
section TEM (transmission electron microscope) observation was performed from <1 10>. Here, drawing 
1 (a) is a microscope observation Fig., and drawing 1 (b) is drawing having shown the defect typically 
based on the microphotography. And the result of having expanded and observed the part surrounded 
with the ellipse of drawing 1 (a) about three of SF which exists in a wafer is shown in drawing 2 (a), (b) 
- drawin g 4 (a), and (b). Drawing 2 (a) - drawing 4 (a) are microscope observation Figs, respectively like 
drawing 1 , and d raw ing 2 (b) - drawing 4 (b) are drawings having shown the microphotography 
typically. In any case, it turns out that a certain crystal defect exists under the top-most vertices of SF. 
[0023] EDX analysis (Energy Dispersive X-ray spectroscopy) showed that these were all octahedron 
voids which have a wall oxide film. Moreover, it also turned out that SF has occurred by making into 
top-most vertices the location separated from the octahedron void about 20-40nm in about lOnm and a 
longitudinal direction in the height direction. 

[0024] (Experiment 2) If it removed that nitrogen was doped by high concentration (3x1014 piece/cm3) 
when a nitrogen dope wafer was used as a substrate, the epitaxial wafer was produced using the same 
substrate as experiment 1, and the same investigation as experiment 1 was conducted about SF. 
[0025] Consequently, each SF [ some of] on the front face of an epitaxial layer was recognizing /8 inch 
wafer extent existence. Among these, the result of having performed cross-section TEM observation 
from <1 10> about three SF like the experiment 1 is shown in drawing 5 - drawing ! . According to this 
cross-section TEM observation, it turned out like the case of a nitrogen non dope that a cylinder peculiar 
to a nitrogen dope wafer and a tabular void are observed directly under SF in the location which 
separated about 10-40nm from the top-most vertices of SF. 

[0026] If based on the result of experiment 1 and experiment 2, it is clear to generating of SF of an 
epitaxial layer that the void mold defect near the wafer front face is involving unlike the conventional 
opinion. That is, in order to have reduced SF generating, the good thing became clear if a void did not 
exist near the front face of a wafer. 

[0027] In addition, the mechanism which SF generates from a void mold defect is considered as follows. 
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Since in the case of a nitrogen dope voids are cylindrical and tabular and a tabular cut end is about 
20nmxl50nm ( drawing 8 (a)), the probability for a void to be exposed to a front face by etching, and for 
a pit to be formed immediately after before [ EPI ] hydrogen BEKU is comparatively high ( dramng Ji 

(b) ). If EPI growth is performed in this condition, a pit will be closed with the EPI growth from a pit 
edge ( drawin g 8 (c)). Mismatching occurs in that case and it is thought with subsequent EPI growth that 
it will be set to SF ( drawin g 8 (d)). 

[0028] On the other hand, if it is the void mold defect ( drawing 9 (a)) which opening exposed to the 
wafer front face comparatively greatly in the case of a nitrogen non dope Since the configuration 
becomes roundish [ wore / broad and shallow ] by hydrogen BEKU before the epilayer growth in an 
epitaxial process ( drawing 9 (b)), Although COP cannot disappear easily under isotropic, strong 
conditions (for example, reduced pressure EPI growth which used SiH2C12 as the raw material) If an 
about 0.4-micrometer epilayer is formed with the growth (for example, ordinary pressure EPI growth 
which used SiHCB as the raw material) under the strong conditions of an anisotropy, what ( drawing J> 

(c) ) COP disappears is known (Japanese crystal growth society magazine besides Kimura 24 444 
(1997)). 

[0029] However, since the magnitude of a cut end changes with the depth in the case of the octahedron 
void which exists in a nitrogen non dope wafer, when an octopus **-like pit [ as / the cut end of whose 
is magnitude comparable as cylindrical and a tabular void ] is formed immediately after before [ EPI ] 
hydrogen BEKU, it is thought that SF occurs from here ( d rawing _9 (d)). 

[0030] moreover, a nitrogen dope and a non dope — also in which void mold defect, the top-most 
vertices of generated SF have separated at least lOnm from the void mold defect. Therefore, in order to 
prevent generating of SF certainly, it is thought desirable that a void mold defect does not exist by at 
least 1 Onm Fukashi from a front face just before growing up an epitaxial layer. 

[0031] By research of the above this invention persons, it became clear that the void mold defect which 
exists near the front face of the wafer for epitaxial growth is participating in generating of SF of an 
epitaxial layer. Therefore, it is good, if a void mold defect does not exist near the front face of the wafer 
for epitaxial growth in order to prevent SF generating. 

[0032] In addition, it means that the void mold defect which is "a void mold defect's not being exposed" 
or "a void mold defect's not existing" with the generation source of SF at the time of epitaxial growth is 
not exposed, or does not exist. [ which it is said by this invention ] Therefore, about whether the void 
mold defect used as the generation source of such SF exists near the front face of the wafer for epitaxial 
growth produced on some specific manufacture conditions, an epitaxial layer can be grown up to be 
other wafers produced on the same manufacture conditions as the manufacture condition, and it can 
judge by carrying out stereo observation of the LPD observed on the front face with an optical 
microscope, an electron microscope, etc. 

[0033] In order to manufacture the epitaxial wafer which does not actually have SF, two kinds of 
following approaches can be considered. One is the method of growing up an epitaxial layer into the 
front face of this wafer, using the defect-free wafer with which the void mold defect does not exist in the 
whole wafer from the first as a wafer for epitaxial growth which was not used as a wafer for epitaxial 
growth conventionally. For example, FZ wafer can be used for such a defect-free wafer. Or even if it is 
CZ wafer, by controlling the conditions at the time of crystal pulling, a defect-free wafer can be obtained 
and this can be applied. 

[0034] After extinguishing a void mold defect or making a void mold defect into the gestalt used as the 
generation source of SF by being manufactured on condition that usual and adding heat treatment to this 
as another approach using CZ wafer with which the void mold defect exists in a wafer front face and the 
bulk section, it is the approach of performing epitaxial growth. This invention scrutinizes terms and 
conditions based on the above thought, and results in completion. 
[0035] 

[Embodiment of the Invention] Hereafter, although an example of an operation flow is shown about the 
gestalt of operation of this invention, this invention is not limited to these. In order to manufacture the 
epitaxial silicon wafer of this invention, the wafer with which the void mold defect does not exist in the 
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whole wafer, or the wafer with which a void mold defect does not expose an epitaxial layer to the front 
face which grows at least is produced as a silicon wafer for epitaxial growth. 

[0036] Here, as a wafer with which a void does not exist in the whole wafer, there are a FZ wafer and a 
defect-free CZ wafer (wafer without a Grown-in defect) obtained by the approach of controlling V/G at 
the time of Czochralski crystal raising (V:raising rate, G: temperature gradient of a crystal solid-liquid 
interface), and pulling up a crystal on the conditions by which a hole cluster and a rearrangement cluster 
are eliminated. 

[0037] It does not have the former that such a FZ wafer has, and is mainly in discrete devices, and this 
application is used as a substrate for epitaxial growth as a target object for the so-called integrated- 
circuit formation. Moreover, there is no thought of forming and using an epitaxial layer for this wafer 
further also about said defect-free CZ wafer since it is developed as a substrate with which about the 
same property as an epitaxial wafer is acquired by low cost, conventionally. However, generating of SF 
can be prevented by using such a wafer as a silicon wafer for epitaxial growth. 
[0038] Moreover, since the gestalt (size and configuration) of a void changes with the crystal raising 
conditions and existence of a nitrogen dope about CZ wafer One sheet or two or more wafers are 
sampled from the wafer produced on specific manufacture conditions. The number of the void mold 
defect exposed to the wafer front face and/or the number of the void mold defect which exists in the 
depth from the wafer front face to at least lOnm are measured. The number of void mold defects 
permitted from the specification (upper limit of the number of SF) of the epitaxial wafer with which 
these void mold defects are demanded by the user below a predetermined value is set up beforehand. A 
defect wafer can be reduced, if the wafer produced on this manufacture condition will be used for 
growth of an epitaxial layer when satisfying this. Moreover, since the relation between manufacture 
conditions (raising conditions of a single crystal) and SF generated in an epitaxial layer is called for, it 
can feed back to the manufacture conditions of the silicon single crystal wafer suitable for epitaxial 
wafers. 

[0039] According to the surface-analysis equipment which used the above-mentioned laser light, about 
the void mold defect exposed to the wafer front face, it can measure to the size of about 0.08-0.1 
micrometers of present condition. Moreover, what is necessary is just to measure about the void mold 
defect which exists in the depth from a front face to lOnm, after forming an about 20nm oxide film for 
the wafer of the measuring object by thermal oxidation, and removing an oxide film by etching. 
[0040] As for the wafer produced from CZ single crystal raised at the usual CZ raising rate (about 1 
mm/min extent), the void surely exists in the front face and the bulk section to some extent, without on 
the other hand limiting the manufacture conditions of CZ single crystal as mentioned above. However, 
even if it is the wafer which has such a void mold defect, a void can consider as the wafer which a void 
does not expose to the front face in front of epitaxial layer growth at least, and the wafer which does not 
exist in before a depth of lOnm at least from the front face further by adding heat treatment to a wafer. 
[0041] Since that exposure configuration should just become the pit of a configuration with gently- 
sloping extent used as the generation source of SF about the void (pit) exposed to a wafer front face in 
case an epitaxial layer is formed after heat treatment in order to set up this heat treatment condition, heat 
treatment conditions can be set up by asking for the configuration of a pit, and the relation of generating 
of SF experimentally. 

[0042] Moreover, it depends for suitable heat treatment which can extinguish the void mold defect 
which has not been exposed to a wafer front face on the configuration and size of a void which exist in a 
wafer. Therefore, what is necessary is just to search for suitable heat treatment conditions 
experimentally in consideration of the manufacture conditions (raising conditions of a single crystal etc.) 
of a wafer of adding heat treatment. Especially as a heat treating furnace which performs these heat 
treatments, it is not limited but the batch type furnace of a heater heating type, the RTA (Rapid Thermal 
Anneal) furnace of a lamp heating type, etc. are mentioned. Moreover, it is also incorporable into an 
epitaxial process using an epitaxial growth system. 

[0043] since the natural oxidation film is usually formed in the front face of the wafer to heat-treat as 
concrete heat treatment - first - the first rank - while removing the surface natural oxidation film by 
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heating at 1 100 degrees C - 1300 degrees C as heat treatment in a non-oxidizing atmosphere and the 
ambient atmosphere which contains hydrogen preferably, out-diffusion removes the wall oxide film of a 
void mold defect. At less than 1 100 degrees C, removal of the surface natural oxidation film and the out- 
diffusion of a wall oxide film tend to become inadequate. Since removal of the surface natural oxidation 
film can be performed in a short time, it may change to the gas which does not have the etching 
operation to substrates, such as an argon, immediately after that, and the out-diffusion of a wall oxide 
film may be continued. Thereby, the void (pit) exposed to the front face becomes smooth by the 
migration of a surface silicon atom, and as for an internal void, a wall oxide film is removed, and it 
becomes easy to receive the silicon between grids. 

[0044] Next, heat treatment is added at the temperature of 700-1300 degrees C by the oxidizing 
atmosphere as the 2nd step of heat treatment. Since the thermal oxidation film is formed in a front face 
by this, a surface pit configuration becomes still smoother. Moreover, since the silicon between grids is 
poured into the interior of a wafer by advance of oxidation, the silicon between grids is efficiently 
poured into the void from which the wall oxide film was removed by heat treatment of the first rank, and 
a void is filled. If it is 700 degrees C or more, impregnation of sufficient silicon between grids for void 
disappearance will occur. In addition, since re-growth of a wall oxide film will take place once it cools 
in temperature of less than 700 degrees C after heat treatment of the first rank, it is desirable [ the first 
rank and the 2nd step of heat treatment ] to carry out continuously, without cooling at less than 700 
degrees C. Epitaxial growth is presented with it after a fluoric acid water solution removes the oxide 
film on the front face of a wafer formed by this heat treatment. 

[0045] Moreover, in heat-treating using an epitaxial growth system, after hydrogen BEKU before the 
epitaxial epitaxial layer growth which can be set in process removes the surface natural oxidation film, 
by changing a controlled atmosphere to inert gas, such as an argon, and heat-treating, where inert gas is 
introduced, out-diffusion of the wall oxide film of a void mold defect which has not been exposed to a 
wafer front face can be carried out effectively, and a void can be disappeared by the migration of a 
silicon atom. 

[0046] In this case, it is not necessary to permute by inert gas 100% as an ambient atmosphere which 
performs heat treatment after hydrogen BEKU or, the ratio of inert gas and hydrogen does not need to be 
fixed to constant value, hydrogen gas may be mixed with inert gas, and that rate may be heat-treated in 
the condition of changing in time. In addition, as for the ratio of Ar and hydrogen gas, about 3: 1 are 
desirable when an argon is introduced as inert gas. 

[0047] If epitaxial growth is performed by the approach usually used considering the wafer to which the 
above heat treatments were performed as a substrate, the epitaxial wafer with which generating of SF 
was controlled extremely can be manufactured. 

[0048] In addition, what is necessary is it to be desirable to use the wafer with which nitrogen was 
doped as a substrate from viewpoints, such as the gettering effectiveness of an epitaxial wafer, in any 
[ in case disappearance etc. carries out a void mold defect by subsequent heat treatment ] case, when 
producing the silicon wafer for epitaxial growth without a void mold defect from the start, but to just be 
based on a well-known approach, in order to raise the silicon single crystal which doped nitrogen. 
[0049] That is, if a silicon single crystal rod is raised, for example by the CZ process, nitrogen can be 
doped during a raising crystal by putting in the nitride in the quartz crucible beforehand, throwing in a 
nitride in silicon melt, or making a controlled atmosphere into the ambient atmosphere containing 
nitrogen etc. Under the present circumstances, the amount of dopes under crystal is controllable by 
adjusting concentration or installation time of the amount of a nitride, or nitrogen gas etc. 



[Example] Although the example of this invention is given to below and this invention is explained to a 
detail, this invention is not limited to these. 

(Example 1) Raw material polycrystalline silicon was charged to the 18 inch quartz crucible, and the 
diameter of 6 inches, bearing <100>, and the silicon single crystal rod of a conductivity-type p mold 
were pulled up. Rotational speed of a crucible was set to 4rpm, and set the crystal rotation rate to 15rpm. 
A silicon single crystal is raised controlling a pull-up rate to become the range of 0.54 - 0.52 mm/min, 
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and it was made for V/G (V:raising rate, G: temperature gradient of a crystal solid-liquid interface) to 
serve as 0.1 52-0. 146mm2/degree C and min here. The wafer was cut down from the silicon single 
crystal rod obtained here, and four silicon wafers for epitaxial growth were produced. 
[0051] And four epitaxial wafers in which about 4-micrometer epitaxial layer was formed on the front 
face of this silicon wafer for epitaxial growth were produced, selective etching was performed to this 
wafer, and optical microscope observation of the LPD on the front face of epitaxial detected using the 
surface-analysis equipment (ten call company make and Surf Scan 6200) which used laser light was 
carried out. Consequently, SF was not observed all over the epitaxial wafer about which wafer. 
[0052] (Example 2) At the usual raising rate (about 1 mm/min), nitrogen was doped, the silicon single 
crystal was raised, and four 3 was produced CZ silicon single crystal wafer (crystallographic-axis 
bearing <100>, p mold, 10-ohmcm, oxygen density 15ppma (JEIDA specification)) with a diameter of 8 
inches and 1x1014 nitrogen concentration/cm. 

[0053] Next, wet oxidation for 10 minutes was continuously performed at the temperature of 1200 
degrees C under the oxygen ambient atmosphere, without cooling in temperature of 800 degrees C or 
less, without taking out a wafer from a furnace, after the batch type furnace of a heater heating type 
performed heat treatment of 1 hour at the temperature of 1200 degrees C under the argon ambient 
atmosphere to these silicon wafers. When the surface oxide film was removed after heat treatment and 
the void mold defect of the front face of this silicon wafer was observed, the void mold defect was 
discovered by neither of the wafers in the wafer front face. 

[0054] Four epitaxial wafers in which about 4-micrometer epitaxial layer was formed on the front face 
of this silicon wafer for epitaxial growth were produced like the example 1, and LPD on the front face of 
epitaxial was observed with the optical microscope. Consequently, SF was not observed all over the 
epitaxial wafer about which wafer. 

[0055] (Example of a comparison) Except not doping nitrogen, like the example 2, the silicon single 
crystal was raised at the usual raising rate (about 1 mm/min), and four CZ silicon single crystal wafers 
(crystallographic-axis bearing <100>, p mold, 10-ohmcm, oxygen density 15ppma (JEIDA 
specification)) with a diameter of 8 inches were produced. 

[0056] Four epitaxial wafers which did not perform heat treatment etc. on the front face of this silicon 
wafer for epitaxial growth, but formed about 4-micrometer epitaxial layer in it directly were produced, 
and LPD on the front face of epitaxial was observed with the optical microscope. Consequently, SF on 
the front face of an epitaxial layer averaged [ about two ] / existed [ 8 inch wafer ]. 
[0057] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and does 
the same operation effectiveness so, it is included by the technical range of this invention. 
[0058] 

[Effect of the Invention] According to this invention, it becomes possible to manufacture the epitaxial 
wafer which generating of SF reduced, and the device yield improves sharply as explained above. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dama ges caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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